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Description 

PLASTIC INJECTION MOLDING WITH 
MOVEABLE MOLD MEMBERS FORMING 

SPEAKER GRILL 

Background of Invention 

[0001] This is a continuation-in-part of U.S. Patent Application 
Serial No. 10/250,294, filed on June 20, 2003, which in 
turn is a continuation-in-part of U.S. Patent Application 
Serial No. 10/249,237 filed on March 25, 2003. 

[0002] The present invention relates to plastic injection molding 
and more particularly to plastic injection molding using 
gas assist and the formation of hollow rib members on 
plastic injection molded parts. 

[0003] | n the plastic injection molding art, the usual challenges 
facing the product designer include designing an article 
having the requisite strength for the product application 
and satisfactory surface finish, as well as avoiding exces- 
sive weight, surface distortions, and increased cycle time. 
For flat or thin products, it is typical to include one or 



more rib members in the design to provide relative 
strength and structure for the molded article. The rib 
members are typically thicker than the molded article 
which increases the weight, material usage, and cycle time 
of the article, and often induces sink marks and other 
surface defects due to a thermal gradients in the area of 
the thickened section. 
[0004] | t j S known in the plastic molding art to use pressurized 

gas, such as nitrogen, in conjunction with plastic injection 
molding of articles. Pressurized gas serves several pur- 
poses. The gas allows the article or rib structure to have 
hollow interior portions which result in savings in weight 
and material, thereby reducing costs. The pressurized gas 
also applies an outward pressure to force the plastic 
against the mold surfaces while the article solidifies. This 
helps provide a better surface on the molded article and 
also reduces or eliminates sink marks and other surface 
defects. The use of pressurized gas also reduces the cycle 
time as the gas is introduced and/or migrates to the most 
fluent inner volume of the plastic and replaces the plastic 
in those areas which would otherwise require an extended 
cooling cycle. The pressure of the gas pushing the plastic 
against the mold surfaces further increases the cooling 



effect of the mold on the part, thus solidifying the part in 
a faster manner and reducing the overall cycle time. 

[0005] where the rib members or other portions of the article in 
which the gas is being introduced are elongated, it is of- 
ten difficult to provide a satisfactory molded article. For 
example, if the pressure of the gas is too great as it en- 
ters the mold cavity, there is a risk that it may rupture or 
blow out the plastic within the mold cavity, i.e. the gas is 
not contained within the plastic. Also, it is often difficult 
to have the gas migrate along the full length of an elon- 
gated, thicker plastic section, thus creating a product 
which has an uneven thickness and cooling cycle. 

[0006] one manner which has been developed in order to over- 
come some of the above-mentioned problems is shown in 
U.S. Patent No. 5,098,637. In that process, a secondary 
cavity (a/k/a "spillover" cavity) is provided at one end of 
the molded part or elongated rib member in order to col- 
lect and contain the more fluent plastic material which is 
forced out of the article or rib member by the pressurized 
gas. Another system is shown in U.S. Patent No. 

5,885,518. 
Summary of Invention 

[0007] A n object of the present invention is to provide an im- 



proved method of gas assisted injection molding. It is an- 
other object of the present invention to provide an im- 
proved method and system for injection molding plastic 
parts with structural rib members. 
[0008] it is a still further object of the present invention to pro- 
vide a method and system for gas assist injection molding 
which eliminates the need for spillover cavities and the 
subsequent capture and regrinding of excess plastic ma- 
terial from a mold cavity. It is an additional object of the 
present invention to provide moveable core members in a 
mold cavity, as well as to allow packing of the plastic ma- 
terial in the mold for better dimensional and surface ef- 
fects. 

[0009] | n accordance with the objects of the present invention, 
one or more movable and floating core members are pro- 
vided in the mold cavity. The moveable members are par- 
ticularly located adjacent elongated rib members in which 
pressurized gas is to be introduced in order to provide 
hollow portions in them. The moveable members are held 
in place and moved to provide voids or empty areas where 
plastic material from the rib members can flow when gas 
is injected into them. 

[0010] a full-shot of plastic material is first injected into the 



mold cavity. The plastic material is then packed in the 
mold by additional pressure and/or plastic injection from 
the molding machine. Thereafter, the moveable core is re- 
tracted to a position which creates a void adjacent a rib 
member(s). A gas channel is formed in the rib member(s) 
and the fluent plastic material in the center of the rib 
member(s) is pushed into the void forming another por- 
tion of the molded article, such as a speaker grill. 

[0011] Once the entire article is formed, the plastic is allowed to 
cool and solidify. The injected gas pressure is then re- 
lieved (vented or exhausted) from the formed article and 
the article is ejected or removed from the mold. 

[0012] | n one preferred embodiment, the moveable core member 
is positioned in the moving half of the mold against a 
floating core member in the stationary half of the mold. 
The plastic article to be produced by the mold is, for ex- 
ample, an interior door panel for an automobile or other 
vehicle. The moving core member projects through the 
cavity creating an opening in the part. The floating core 
maintains the shut-off for the feature(s) to be created in 
the opening, such as a speaker grill. After injection and 
packing of the plastic material in the mold cavity, the 
moveable core member is retracted to a position creating 



a void. The void area is flow connected to a thicker section 
of the part, such as a rib member adjacent a door pocket, 
which is to be hollowed out by the injected gas. The gas 
injection displaces fluent plastic material in the thicker 
section into the void where it forms an integral part of the 
completed plastic article. 

[0013] The moveable core member can be hydraulic, pneumatic 
or electrically operated in order not to be displaced or 
dislodged when the plastic material is injected into the 
mold cavity or when the plastic material is subjected to 
packing pressures. 

[0014] The above objects and other objects, features, and advan- 
tages of the present invention are readily apparent from 
the following detailed description of the preferred em- 
bodiments for carrying out the invention when taken in 

accordance with accompanying drawings. 
Brief Description of Drawings 

[0015] FIGURE 1 is a schematic diagram of a typical plastic injec- 
tion molding system. 

[0016] FIGURE 2 is a schematic diagram of an article being 

molded in a conventional gas assisted plastic injection 
molded system. 

[0017] FIGURE 3 is a perspective view of a molded part or article 



according to one embodiment of the present invention. 

[0018] FIGURE 4 is a cross-section of a structural rib member on 
a part made in accordance with an embodiment of the 
present invention, the cross-section being taken along 
lines 4-4 in Figure 3 and in the direction of the arrows. 

[0019] FIGURE 5 is a cross-sectional view of a mold utilizing an 
embodiment of the present invention. 

[0020] FIGURE 6 is a partial cross-sectional view showing an in- 
sert member in accordance with an embodiment of the 
present invention. 

[0021] FIGURE 7 is another view of an insert member in accor- 
dance with an embodiment of the present invention, the 
view being taken in the direction of the arrows 7-7 in Fig- 
ure 6. 

[0022] FIGURE 8 is another view of the insert member and mech- 
anism as shown in Figure 7, with an insert member being 
displaced in response to the introduction of gas in a rib 
member. 

[0023] FIGURE 9 is a flow diagram indicating the basic method 
steps involved in the practice of an embodiment of the 
present invention. 

[0024] FIGURE 10 is a schematic diagram depicting a locking 
mechanism for an insert member. 



[0025] FIGURE 11 illustrates an alternate mechanism and system 

for locking an insert member in place. 
[0026] FIGURE 12 is a flow diagram of another embodiment of 

the invention. 

[OO 27 ] FIGURES 13-14 illustrate a still further embodiment of the 
invention. 

[0028] FIGURES 15-17 illustrate an additional embodiment of the 
invention. 

[0029] FIGURE 18 is a flow diagram of the process used to make 

the embodiment of the invention as shown in Figures 

15-17. 
Detailed Description 

[0030] jhe present invention is particularly suitable for produc- 
ing hollow rib structures for structural reinforcement of 
decorative or non-decorative trim components and panels 
using gas-assist plastic injection molding. 

[0031] As shown in Figure 1, a conventional plastic injection 

molding system 20 is shown. The system 20 includes an 
injection molding machine 22, a mold 24, and a source of 
gas 26 for the gas assisted injection molding. As is well 
known in the injection molding field, injection molding 
machine 22 has a hopper 28 in which plastic pellets are 
added to the machine. The injection molding machine in- 



eludes a mechanism for melting the plastic material and a 
screw-type ram (not shown) in the body of the machine. 
The molten plastic material is injected through a nozzle 
30 into the mold 24. 

[0032] Moid 24 includes two mold halves 24A and 24B. The two 
mold halves are connected to platens 32 and 34 which 
separate and come together as one or more is moved on 
the injection molding machine. 

[0033] The gas used in injection molding is typically an inert gas, 
such as nitrogen, and is supplied from a storage canister 
or system (not shown) to a gas injection controller 26. The 
controller 26 regulates the flow of gas through a conduit 
36 or the like into the mold 24. 

[0034] it j S to be understood that the present invention can be 
used with any plastic injection molding machine 22, any 
gas assist controller 26, and virtually any type of mold 24. 
In this regard, a schematic drawing of a representative 
mold 24 is shown in Figure 2. 

[0035] An article forming cavity 40 is provided between the two 
mold halves 24A and 24B. The plastic material 42 is in- 
jected through the machine nozzle 30, and through a 
bushing 44 into the mold cavity 40. After all or a substan- 
tial portion of the plastic material 42 is injected into the 



mold cavity 40, gas from the controller 26 is introduced 
into the mold cavity. The gas forces the plastic material 
into all portions and into all surfaces of the mold cavity 40 
and provides a hollow interior 46. 

[0036] Once the plastic material 42 has cooled and solidified in 
the mold, the gas is vented, and the mold is then opened 
in order to allow the part to be removed. In this regard, 
there are many mechanism systems known for relieving 
the gas pressure in the mold, i.e. venting or exhausting 
the gas from the mold, and any conventional system and 
method can be utilized. For example, gas can be vented 
back through the conduit 36 to the controller, or the noz- 
zle 30 can be backed off from the bushing 44 creating a 
"sprue break." Also, plastic formed articles are typically 
assisted in being removed from the mold by one or more 
ejector pins (not shown). 

[0037] a s indicated, the present invention is particularly suitable 
for producing plastic injection molded trim components 
and panels having rib members. A representative article of 
this type is shown in Figure 3 and identified generally by 
the reference numeral 50. As shown, the article 50 has a 
relatively thin thickness 52 relative to its width and length 
and has a plurality of rib members 54 on one surface 



(typically the back or non-visible surface). The outer sur- 
face 50A of the article 50 is the surface which is exposed 
to view when the part is used or installed in its appropri- 
ate environment. The article 50 could be, for example, a 
computer housing, a panel for a door or other article of a 
vehicle, or the like. Rib members 54 are provided on the 
opposite side 50B and are hidden from view during nor- 
mal use of the article 50. Although four rib members 54 
are shown on the article 50, any number of rib members 
may be utilized. The rib members in particular provide 
structural support for the panel-type article 50. 

[0038] since the rib members 54 are typically thicker in dimen- 
sion than the width or thickness of the article 50, gas as- 
sist injection molding techniques and procedures are typi- 
cally utilized in order to hollow out the rib members. This 
reduces the thickness of the rib members, thereby saving 
material cost, reducing cycle times, and minimizing or 
eliminating surface defects, such as sink marks, on the 
viewed surface 5 OA. 

[0039] The term "gas" used herein means any gas body gaseous 
during normal temperature and pressure, such as nitro- 
gen, carbon dioxide and air. Preferably, the gas is an inert 
material, such as nitrogen or carbon dioxide. The gas can 



be provided from any conventional source, such as a stor- 
age tank, bottled gas, or the like. It is also possible in ac- 
cordance with the present invention to utilize another 
fluid, such as water, in place of the gas. These other fluid 
systems are known in the art and do not need to be dis- 
cussed in more detail here. 

[0040] a rib member 54 is shown in cross-section in Figure 4. 

The article 50 has a certain thickness 52 which requires a 
certain cooling and cycle time. In order to provide requi- 
site structural support, the rib member 54 typically has 
thicker portions, such as 54A. In order to lighten the 
weight of the rib member 54 and reduce its thickness, a 
channel 56 is provided in the rib member by the introduc- 
tion of the pressurized gas or other fluid. 

[0041] Although the injection molding system is shown utilizing 
a single bushing member 44 positioned between the noz- 
zle 30 of the injection molding machine 22 and the mold 
24, it is understood that any conventional injection mold- 
ing system could be utilized in transporting the molten 
plastic material from the nozzle 30 to the mold cavity 40. 
For example, a hot runner system with one or more mani- 
folds and a plurality of bushings could be utilized. Other 
systems and mechanisms known in the art could also be 



utilized. 

[0042] a representative molding system in which one embodi- 
ment of the present invention is utilized is shown in Fig- 
ure 5. Further details of this embodiment are shown in 
Figures 6-8. The basic steps in this embodiment of the 
invention are set forth in Figure 9. 

[0043] The present invention can be used with all types of plastic 
materials, particularly thermoplastic materials, which gen- 
erally may be injection molded. These materials can be, 
for example, low or high density polyethylene, 
polyurethane, polypropylene, polystyrene, acrylonitrile 
butadiene styrene (ABS) resin, SAN resin, polyvinyl chlo- 
ride, polymethyl methacrylate, and the like. Materials such 
as polycarbonate, polyester, acetyl, polyacetyl and nylon 
also may be used, as well as ethylene copolymers such as 
ethylene-vinyl acetate copolymer, ethylene-ethyl acrylate 
copolymer, and the like. Furthermore, any of these resins 
may contain fillers, such as glass fiber, powdered glass, 
calcium carbonate, calcium sulfate, talc, mica, and the 
like. 

[0044] | n accordance with the present invention, molten plastic 
material is injected from a machine nozzle 30 to a bush- 
ing 44 and into a mold cavity 60 in a mold 62. The two 



mold halves 62A and 62B are adapted to separate along 
part line 64 in order to allow the formed plastic article to 
be removed. A gas regulated by gas controller 26 is intro- 
duced through conduits 36 into ends 66A of rib members 
66 on the plastic article 68, which is formed in the mold 
cavity 60. Movable or displaceable insert members 70 are 
provided in the mold cavity 60, and are positioned such 
that they are situated at the opposite ends 66B of the rib 
members 66. Pressurized gas is introduced into the rib 
members 66 and forms channels 72 essentially through 
the centers of the cross-sections and throughout their 
lengths. 

[0045] p r jor to injection of the gas, the plastic material in the 

mold is packed by the introduction of more plastic mate- 
rial, and at a higher pressure. This insures excellent sur- 
face quality for the molded article or product. Also, once 
the plastic packing is completed, a shut off valve (not 
shown) in the nozzle closes off the plastic supply prior to 
the injection of the gas. This prevents plastic material 
from being forced or pushed back into the barrel of the 
injection molding machine. 

[0046] The gas is injected into the resin in the mold at a pressure 
higher than the plastic injection pressure and typically at a 



much higher pressure. For example, the initial plastic in- 
jection fill pressure could be 100-200 psi, which will nor- 
mally increase to 500-1000 psi or higher with packing 
pressure. The gas injection could be 1000-1500 psi (if, 
for example, the plastic material was polypropylene) and 
3000-7000 psi (if, for example, engineering grade resins 
were used). In general, the pressure of the gas should be 
sufficient to provide a commercially acceptable surface 
and finish on the plastic part. When the plastic is packed 
in the mold cavity, the pressure is raised several times 
over the initial injection pressure and additional plastic 
material is packed into the mold cavity. The pressure of 
the gas is typically higher than the plastic packing pres- 
sure. 

[0047] The insert members 70 are held in position in the mold 
cavity by a biasing or tensioning mechanism 80. In this 
regard, as shown in Figures 7 and 8, the insert member 
70 is typically elongated in shape and thus a number of 
biasing mechanisms 80 are provided along its length. A 
biasing force is provided by the biasing mechanism 80 
such as by one or more coil spring members 82 as shown 
in Figures 6-8. The spring members 82 provide a biasing 
force against the insert member 70 sufficient to oppose 



the force of the plastic material 68 when it is injected into 
the mold cavity 60. The biasing force or spring tension 
holding the insert member in place preferably should be 
sufficient to resist a force of 150-200 psi (10.4-13.8 
bars). 

[0048] it is to be understood that any type of biasing, tension, or 
force-type member or mechanism can be used to hold the 
insert members in place. For example, gas or air charge 
cylinders can be utilized in place of the coil spring mem- 
bers 82, or a conventional dampening mechanism could 
be utilized. The biasing member has to provide a suffi- 
cient force or load on the insert member to resist the level 
of force caused by pressure in the mold cavity during the 
injection of the plastic material. This maintains the nomi- 
nal wall thickness of the article 68 to the end of the flow 
length with the exception of the thicker section of the rib 
member 66. 

[0049] As shown in Figures 7 and 8, the introduction of pressur- 
ized gas through the rib member 66 forms channel 72 in 
the rib member and forces plastic material against the in- 
sert member forcing it to move downwardly in the direc- 
tion of the arrow 84 in Figure 8. The additional space 
formed in the mold cavity by the movement of the insert 



member is filled with molten plastic forced from the rib 
member. The additional plastic forms an additional rib 
member 90 adjacent the end of the now hollow rib mem- 
ber 66. Additional rib members of this type are shown in 
Figure 3 and identified by the reference numeral 90'. The 
additional rib members 90' are positioned at the end of 
the rib members 54 and can provide additional support 
and structural stability to the article 50. Depending on the 
amount of displaced plastic material and the gas injection 
pressure, it is also possible to provide a gas channel and 
thus a hollow structure through a portion of the new rib 
member 90. 

[0050] Although the invention is primarily directed to the forma- 
tion of structural rib members on plastic injection molded 
articles, such as trim components and panels, it is also 
possible to use the present invention to produce or pro- 
vide portions of articles necessary to allow appropriate 
molding. For example, it is often necessary to provide 
molded portions of an article in order to prevent under- 
cuts and the like and thus to assist in the production of 
molds which can be opened and closed more easily and 
allow the parts to be removed and ejected. 

[0051] The thickness of the additional rib member 90 preferably 



should not be greater than the maximum thickness of any 
other part of the molded article (for minimum cycle 
times). Also, depending on the strength of the rib mem- 
bers 90 needed for the particular application and molded 
part, the rib members can be increased in width. In order 
to insure that size and thickness of the added portion or 
rib member 90 remain within predetermined limits, a stop 
member (not shown) can be utilized to limit the travel of 
the insert member 70. 

[0052] Although the portion formed on the molded article by the 
displacement of the insert member is referred to herein as 
a rib member, it is to be understood that the portion can 
have the shape and size to add virtually any structure to 
the article, such as, for example, a boss, a snap fit mem- 
ber, etc. The portion can also be used to add additional 
strength to the article. 

[0053] The size, shape and volume of the insert member and re- 
sultant added portion formed on the article should be 
predetermined, so that all ejected plastic material from 
the rib member can be accommodated. Similarly, the size 
of the added portion should be sufficient to accommodate 
for volumetric differences in the plastic material from the 
shot-to-shot (i.e. from cycle to cycle). The biasing mecha- 



nism 80 allows for such volumetric differences. 

[0054] As an alternate embodiment, it is also possible to intro- 
duce the gas into the rib member 66 at a location inbe- 
tween the ends 66A and 66B. In such an embodiment, it is 
also possible to position insert members and form addi- 
tional article portions at both ends of a rib member. 

[0055] The basic steps in the process in accordance with an em- 
bodiment of the present invention are set forth in the flow 
diagram in Figure 9. The basic method is referred to gen- 
erally by reference numeral 100. As a first step, the plastic 
material is injected into the mold cavity in the mold. This 
is referred to by the reference numeral 110 in Figure 9. 
This first step is completed after the precise mold cavity 
size and shape is selected, the mold cavity is machined in 
the mold, the appropriate hot runner system, bushing, 
and manifold mechanism is selected and provided, the 
requisite size of the injection molding machine is se- 
lected, the particular type of plastic or resin material for 
the article or part is selected and provided, and the ap- 
propriate processing parameters, such as time, pressures, 
temperatures, and cycle time, are determined. All of these 
matters are within the ordinary skill in the art. 

[0056] The molten plastic resin material is injected into the mold 



cavity by the injection molding machine until the article 
cavity is full of plastic material. In this manner, a "full 
shot" of plastic material is injected into the mold cavity. In 
order to provide better aesthetics on the final product and 
insure that all of the dimensions and surface details are 
obtained, the injected plastic material is then packed in 
the mold. The pressure of the plastic injection is increased 
and additional plastic material is forced into the mold 
cavity. This pressure can be held for a certain length of 
time, such as 5-15 seconds, in order to form a solidified 
outer shell on the product. This is shown in Box 112 in 
Figure 9. 

[0057] | n this regard, in order to prevent the insert member from 
being dislodged or moving during the additional pressure 
or packing procedure, the insert members are held or 
locked into position by the use of an external locking 
mechanism 92 which can be a wedge, pin, or the like 94 
(see Figures 5-6 and 10). The wedge 94 is situated in the 
mold to be moved into position preventing movement of 
the insert member 70. The wedge 94 is activated by a ac- 
tivation system 96, such as a pneumatic, hydraulic, elec- 
tric, or mechanical mechanism or system and set and 
locked into position or released by the use of various de- 



vices, such as position sensors, cavity pressure sensors, 
timers, and the like (not shown). 

[0058] After the mold cavity is full of packed molten plastic resin 
material, the gas is injected into one or more of the rib 
members. This is shown by Box 120 in Figure 9. The gas 
is preferably injected at one end of the rib members op- 
posite the insert members and at a predetermined time 
and pressure. The pressure of the gas is typically higher 
than the pressure used to pack the plastic in the mold. 

[0059] | n order to prevent any of the plastic material from being 
forced back into the nozzle or injection molding machine 
during gas injection, a shut-off valve should be provided 
at, or adjacent to, the nozzle and closed upon the com- 
pletion of the packing procedure. 

[0060] During the gas injection procedure, the molten plastic 
material is displaced from the core or interior of the rib 
members creating an increase in pressure on the insert 
member or members. This pressure overcomes the bias- 
ing force caused by the spring mechanisms or the like, 
forcing the insert members away from their rest positions 
and retracting to increase the available volume of the cav- 
ity. This is shown in Box 130 in Figure 9. The displaced 
plastic material from the rib members will flow into the 



voids formed by the displacement of the insert members. 
The range of movement of the insert member is prefer- 
ably predetermined in order to provide an additional part 
or portion on the article of a certain size, shape, and 
length. At the end of movement of the insert member, the 
pressures equalize on the insert member, allowing the 
external gas pressure to provide packing pressure to the 
molded part throughout the rib members. 

[0061] if desired, once the insert members are displaced and the 
voids are filled with the plastic material, an additional 
packing procedure can be provided by the introduction of 
a higher pressurized gas. This is shown as an alternative 
in Box 132 in Figure 9. 

[0062] Once the mold cavity is filled with plastic material and the 
gas assist process is completed, the plastic article is al- 
lowed to cool and solidify in the mold. This is shown in 
Box 140 in Figure 9. Thereafter, the gas is vented or ex- 
hausted from the rib members as shown in Box 150. The 
venting of the gas from the rib members can be accom- 
plished in any standard manner known to persons of ordi- 
nary skill in the art. For example, one method allows the 
gas to vent back through the end of the rib members 
where the gas is initially introduced. The gas pressure can 



also be relieved in a stepped manner over time, or simply 
allowed to decay. 

[0063] For the final step, the mold is opened and the formed 
plastic part or article is removed (or ejected) from the 
mold cavity. This is shown in Box 160 in Figure 9. There- 
after, the mold is closed and the process is repeated. 

[0064] | n an alternate process, all or a portion of the gas can be 
injected into the plastic material after the initial plastic in- 
jection (Step 110) and prior to the plastic packing proce- 
dure (Step 112). This would allow more of the gas to be 
introduced into the plastic material in the mold cavity. The 
shut off valve in the nozzle also could be actuated prior to 
the gas injection step in order to prevent plastic from be- 
ing forced back into the injection molding machine. The 
valve then could be reopened in order to pack additional 
plastic material into the mold cavity. Thereafter, the shut- 
off valve could be closed again if the gas injection is 
restarted. 

[0065] Movement of the insert members may provide a sufficient 
pressure drop to obviate the need to shut-off the plastic 
flow again. Also, a process procedure of backing off the 
clamping pressure by, for example, opening the mold a 
few thousands of an inch for a few milliseconds could be 



utilized. This would allow the plastic material to flow into 
the void caused by displacement of the insert members 
and form hollow portions filled with gas in the ribs. 

[0066] a flow diagram schematically illustrating this alternate 
process is set forth in Figure 12. The process is desig- 
nated generally by the reference numeral 200. At Step 
210, the plastic material is injected into the mold cavity. 
Then, in Step 220, all or a portion of the gas is injected 
into the plastic material in the mold cavity. Thereafter, in 
Step 230, the plastic material in the mold is packed by the 
addition of additional plastic material at a higher pres- 
sure. This insures that the plastic material entirely fills out 
the mold cavity and is pressed tightly against all of the 
surfaces of the mold cavity. 

[0067] Then, if all of the gas had not been injected earlier, the 
remaining amount of pressurized gas is injected into the 
plastic material in the mold cavity. This is shown in Step 
240. Also, after the plastic packing Step 230, the shut-off 
valve in the nozzle is closed in order to prevent plastic 
material from being pushed back into the barrel of the in- 
jection molding machine. 

[0068] As an alternative, all of the plastic can be injected into the 
mold cavity before any of the gas is injected. The plastic 



should completely fill the mold cavity and can be packed if 
desired. Once the injection of the gas has begun (or is 
completed), the insert member can be moved. 

[0069] The injection of the gas should also be continued when 
the insert member is moved in order to maintain the ap- 
propriate gas pressure in the plastic material and keep it 
pressed tightly against the walls of the mold cavity. 

[0070] The insert member or members are moved or displaced 
forming voids in the mold cavity and creating additional 
volume(s) for the plastic material. This is shown in Step 
250. A portion or portions of the still-molten plastic ma- 
terial is displaced or flows into the void volumes, as 
shown in Step 260. It is also possible at this point to open 
the mold as described above. This is shown in alternate 
Step 265. As the plastic material flows or is forced into 
the void areas, the injected gas forms hollow portions in 
the plastic material, particularly along the rib members. 

[0071] Once the plastic article is fully formed, it is allowed to cool 
and solidify (Step 270). Once the gas is vented (Step 280) 
or the gas pressure is otherwise relieved in some manner, 
the mold is opened and the molded plastic article is re- 
moved or ejected from the mold cavity (Step 290). 

[0072] The rib members in which the gas is to be introduced 



should be designed to prevent the gas from escaping 
from the rib structure into the nominal wall thickness of 
the article. Also, the insert members should be dimen- 
sioned such that the increase in volume in the mold cavity 
is proportional to the volume of plastic material which is 
displaced by the injection of gas into the rib members. 
Persons skilled in the art have sufficient knowledge to ac- 
complish these tasks. 

[0073] with the present invention, the mold cavity is increased in 
available volume at a predetermined point in the plastic 
injection molding process in order to allow the molten 
plastic resin from the interior of the rib members to be 
displaced by the introduction of the gas. The present in- 
vention does not require a secondary cavity external to 
the mold cavity for displacement of the plastic resin ma- 
terial. The insert members compensate for the volumetric 
variation due to resin viscosity variation inherent in injec- 
tion molding processes. 

[0074] Also, with the present invention, volumes of plastic mate- 
rial from a secondary cavity do not have to be recycled or 
reground. This eliminates an additional processing step 
which results from other known processes. 

[0075] An alternate mechanism for locking the insert members in 



place is shown in Figure 11 and identified generally by the 
reference numeral 170. The insert member 70' is biased 
by spring members 82' and connected by rod member 
172 to a piston member 174. The piston member 174 is 
positioned in a chamber or container 176 which is filled 
with a controllable fluid 178. Controllable fluids are mate- 
rials that respond to an applied electric or magnetic field 
with a change in rheological behavior. Typically, this 
change is manifested when the fluids are sheared by the 
development of a yield stress that is more or less propor- 
tional to the magnitude of the applied field. These materi- 
als are commonly referred to as electrorheological (ER) or 
magnetorheological (MR) fluids. 
[0076] Conventional devices that utilize controllable fluids are 
typically classified as having either fixed poles (valve 
mode) or relatively moveable poles (direct-shear mode). 
Valve mode devices can include servo-valves, dampers 
and shock absorbers, while direct-sheer mode devices can 
include clutches, brakes, chucking and locking devices. 
The response time of the fluid damping in these devices 
can be on the order of 60-milliseconds as the field is 
changed. 

[0077] with the embodiment and system shown in Figure 11, 



coils 180 are connected to electric current source 182. 
When the source 182 is activated, the current through 
coils 180 causes the fluid 178 to harden, thereby prevent- 
ing the piston member 174 from moving. This, in turn, 
holds or locks the insert member 70' in place. Activation 
of the electric current source 182 can be caused in any 
manner, such as being triggered by a pressure sensor 184 
positioned in the mold cavity 186. A control system or 
mechanism 188, which preferably is a microprocessor, is 
set or programmed to lock up the insert member when a 
certain pressure is reached in the mold cavity which would 
otherwise displace the insert member. 

[0078] The locking of the insert member could also be triggered 
by measurement of the movement of the screw ram in the 
injection molding machine, by certain timing considera- 
tions, or any other manner known in the art. For example, 
a linear transducer could be utilized which measures the 
axial movement of the screw ram and be connected to a 
microprocessor system. 

[0079] Figures 13 and 14 depict still another embodiment of the 
invention. This embodiment 300 uses a movable insert 
member which is positioned along a portion of a rib 
member in the molded part and which does not create a 



void or vacant area in the cavity when the insert member 
is moved. 

[0080] The system 300 includes a mold 302 which has a first 
member 302 and a second member 304, as well as a 
moveable insert member 310. The plastic article 312 is 
formed in a mold cavity 315 positioned between the two 
mold members 302 and 304. 

[0081] Once the plastic material is injected into the mold cavity 
315, a gas (or other fluid) is injected into the plastic ma- 
terial through pin member 320. The gas initially forms 
hollow cavity 325 in the plastic part, as shown in Figure 
13. 

[0082] The insert member 310 is actuated by one or more hy- 
draulic cylinders 330 and moves from an in-mold position 
310A in Figure 13 to a flush-mold position 310B in Figure 
14. The amount of movement "D" of the insert member 
can be on the order of 0.020 "to 0.030." 

[0083] Once the plastic material and gas are injected into the 
mold cavity, the insert member is moved from the posi- 
tion shown in Figure 13 to the position shown in Figure 
14. This allows the gas to expand in the plastic material 
and to force the plastic material into the increased vol- 
ume. This also allows the gas to move to the furthest end 



of the rib and form the requisite gas channel 325'. This 
system and process insures that there will not be any 
blowout of the gas through the plastic material, and also 
prevents the formation of sink marks on the visible sur- 
face of the molded article. 
[0084] The insert member 310 can be moved from position 310A 
to 310B simply by the pressure of the injected gas, or it 
can be moved by actuation of the hydraulic cylinder. Also, 
the pressure on the hydraulic cylinder can simply be re- 
lieved which would then allow the gas pressure to move 
the plastic and force the insert member to its second po- 
sition. 

[0085] Figures 15-17 schematically depict another embodiment 
of the present invention while Figure 18 is a flow chart 
setting forth the steps of the process used with this em- 
bodiment. The process and system is generally referred to 
by the reference numeral 400. As shown in Figure 15, the 
process and system are particularly useful for producing 
plastic injection molded products such as door panels 
410. The door panels are typically used for the interior of 
doors for automobiles and other vehicles and include a 
relatively flat panel member 412, a map or storage pocket 
414 with an enlarged edge or rim member 416, and a 



speaker grill member 418. The enlarged rib member 416 
which is provided around the upper edge of the map or 
storage pocket 414 adds strength and rigidity to the 
structure. 

[0086] As indicated above, it is preferable to hollow out the rib 
member 416 so that it cools at substantially the same 
time as the remainder of the door panel and thus in- 
creases the speed and efficiency of the manufacturing 
process. The hollowing out of the rib member is typically 
accomplished with a gas-assisted injection molding pro- 
cess. 

[0087] | n the manufacture of the door panel 410, two mating 

mold halves are produced which share a mold cavity hav- 
ing the size and shape of the door panel member. In ac- 
cordance with the present invention, a moving core mem- 
ber 430 is positioned in the moving half of the mold and a 
floating core member 440 is positioned in the stationary 
half of the mold. The moving core member 430 can be 
operable in any conventional manner, such as hydraulic, 
electronic, pneumatic, or the like. The moving core mem- 
ber 430 is adapted to move relative to the moving half of 
the core member in accordance with the arrow 432. The 
floating core member 440 moves in the direction of the 



arrows 442. The moving core member 430 projects 
through the mold cavity creating an opening in the door 
panel 410 when it is first formed with plastic material. As 
indicated above with reference to Figure 15, the opening 
is precisely the size and shape of speaker grill member 
418. The floating core member 418 maintains the shut- 
off of the grill features during the first step of the molding 
process. 

[0088] After injection of the plastic material into the mold cavity 
forming the door panel portions 412, 414 and 416, the 
plastic is packed in the mold by conventional means. 
Thereafter, while the center of the rib member 416 is still 
in a fluid or molten condition, the moving core member 
430 is retracted to a position creating a void where the 
speaker grill is to be formed. In this regard, the void in 
the cavity is connected to the rib member 416 by a runner 
or flow channel 422. The flow channel 422 also is closed 
or sealed off from the rib member 416 during the plastic 
injection and packing steps of the process. In this regard, 
the flow channel 422 can be another rib member as de- 
sired. 

[0089] Pressurized gas is injected into the rib member 416 from 
gas supply 450. The gas is introduced through opening 



452 at one end of the rib member. After the moving core 
is retracted to a position creating a void where the 
speaker grill is to be formed, the gas injection phase dis- 
places the molten resin from the thick section of the rib 
member into the flow channel 422 and the speaker grill 
cavity created by the moving and floating core members 
430 and 440. The gas pressures can be regulated at this 
point to achieve the final dimensional and visual aesthetic 
requirements of the final door panel member 410. 
[0090] with the present invention, the mechanical and physical 
properties of the speaker grill member are improved. 
Also, knit line development is minimized, and residual 
stresses which can be molded into the product are mini- 
mized. 

[0091] Although this embodiment of the present invention relates 
specifically to the formation of a speaker grill member in a 
door panel, it is clear that the inventive process can be 
used to make various other plastic injection molded com- 
ponents and portions thereof. The invention can be used 
wherein it is necessary to mold a second component 
within a plastic injection molded article wherein the sec- 
ond component is formed or molded after the conven- 
tional injection molding cycle is completed. If the article 



to be molded is a two-component molded article, then a 
third component can be molded without a third injection 
unit. 

[0092] a lifter member 460 is also illustrated in Figure 17. Lifter 
members are common and conventionally used in injec- 
tion molding processes and do not need any further ex- 
planation here. 

[0093] a flow diagram generally depicting the steps of the pro- 
cess 400 is shown in Figure 18. Initially, as shown in Box 
470, the core member in the moving half of the mold is 
advanced to its forward position extending through the 
nominal wall of the article. Thereafter, as shown in Box 
472, the mold is closed. At this point, the moving core 
member 430 forces the floating core member 440 to its 
seated position. Then, plastic is injected into the mold 
cavity forming the remainder of the door panel member 
410 but leaving a void at the location of the speaker grill. 
This is shown in Box 474. 

[0094] The molten plastic in the mold is then compressed 

(packed) by conventional injection molding techniques to 
secure the necessary visual and dimensional characteris- 
tics of the molded article. This is shown in Box 476. 

[0095] Thereafter, the moveable core member 430 in the moving 



half of the mold is retracted along with the member posi- 
tioned in the flow channel 422 which connects the rib 
member 416 to the speaker grill area. This is shown in 
Box 478. Then, pressurized gas is introduced into the 
thicker section, that is the rib member 416, which forces 
the still-molten plastic in the center of the rib member 
through the flow channel 422 and into the speaker grill 
area 418. 

[0096] At this point, the gas pressure preferably is held to ac- 
commodate dimensional and visual requirements for the 
completed article, which in this case is door panel mem- 
ber 410. This is shown in Box 482. 

[0097] Thereafter, the molded article is allowed to cool, as shown 
in Box 484, and then is removed from the mold, as shown 
in Box 486. The plastic molded article is typically removed 
from the mold by the use of one or more ejector pins (not 
shown). 

[0098] Although the present invention has been described above 
with reference to formation of hollow rib structures and 
trim components or panels, it is to be understood that the 
present invention can be used in any gas assist injection 
molding processes. 

[0099] while the invention has been described in connection with 



one or more embodiments, it is to be understood that the 
specific mechanisms, processes and procedures which 
have been described are merely illustrative of the princi- 
ples of the invention, numerous modifications may be 
made to the methods and apparatus described without 
departing from the spirit and scope of the invention as 
defined by the appended claims. 



